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Remarks 

Claim 6 has been amended into independent form and parent claims 1 and 5 have been 
canceled. The remaining claims have been amended to depend directly or indirectly from claim 
6, and also to correct minor drafting issues. Claims 2-4 and 6-17 remain pending. No new matter 
has been added. 

Claim 6 was rejected as obvious from earlier patents to Kanematsu and Dines in view of 
U.S. Patent Application 20040120452 to Shapiro. The Shapiro patent was published June 24, 
2004 from an application filed on December 18, 2002. The present application claims priority to 
GB0227729.1 (published as GB2395882, a copy of which is provided with this response) which 
was filed November 28, 2002, before the filing date of the Shapiro application. Thus, the Shapiro 
application does not qualify as prior art against the present application. See MPEP 2136.05. 

Without the teachings of the Shapiro reference, the other two references, Kanematsu and 
Dines, fail to teach or suggest the requirement of claims 6 for a radiotherapy apparatus which in 
part produces "a plurality of intersecting sectional views, each sectional view being an image 
containing pixels with values derived from a plurality of voxels in the tomography dataset which 
are disposed transverse to the corresponding section." Therefore, claim 6 is allowable over the 
prior art. Claims 2-4 and 7-17 depend from claim 6 and are allowable for the same reason. 

Conclusion 

It is submitted that all the pending claims are now in a condition for allowance. 
Reconsideration of the application and issuance of a notice of allowance are respectfully 
requested. It is believed that no month extension of time is required, but Applicant hereby 

-5- 



Attorney Docket: 2775/105 

Application 10/723,030 

Response to Office Action of January 29, 2007 



petitions for and requests that any extension or other fee required for timely consideration of this 
application be applied and charged to Deposit Account No. 19-4972. The Examiner is requested 
to telephone the undersigned if any matters remain outstanding so that they may be resolved 
expeditiously. 



Respectfully submitted, 

/Jay Sandvos/ 

Jay Sandvos 
Registration No. 43,900 
Attorney for Applicants 
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(54) Abstract Title: Radiotherapy apparatus and operating method 

(57) A radiotherapy apparatus comprises a source of therapeutic radiation, a source of imaging radiation, a 

two-dimensional imager for the imaging radiation and a computing means for preparing tomography data from the 
output of the imager. The therapeutic source is controllable on the basis of feedback from the tomography data, 
wherein the computing means is arranged to prepare a plurality of intersecting sectional views from the output of the 

easier to interpret and visualise a series of sectional views, than a three dimensional view. Pixels of the images are the 
result of averaging a plurality of voxels arranged transverse to the section, typically orthogonal and linear. Typically, 
good results can be achieved using between 5 and 20 voxels. About 10 is suitable, i.e. between 7 and 15. There is a 
ideally a display means for showing the sectional views to an operator. The therapeutic source can then be controlled 
on the basis of instructions from the operator, given via an input means such as a mouse or other pointer, which is 
preferably correlated to the display. This correlation can be via a superimposed image on the display which is 
moveable in response to operation of the input means. The superimposed image can be derived from an image of a 
previous investigation and a treatment of the patient, so that it corresponds in shape to the area or image which is 
being sought. The superimposed image is preferably an outline so that the underlying image is clear. 
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RADIOTHERAPY APPARATUS AND OPERATING METHOD 



The present invention relates to a radiotherapy apparatus and a method by 
which it can be operated and controlled. 

Existing radiotherapy apparatus seeks to direct a beam of radiation to a 
tumour within a patient in order to cause the death of cancerous cells. By its 
nature, the radiation is harmful and efforts are therefore made to limit the 
application of the radiation to healthy areas of the patient. Typically, these involve 
the use of collimators for the beam, and directional techniques in which the beam 
is directed toward the tumour from a variety of directions, thereby maximising the 
dose at the tumour site and minimising it in adjacent areas. 

Such techniques depend on the operator being aware of the position of the 
tumour. This knowledge will usually be gained from previous investigations and 
from off-line analysis carried out after the treatment for use in refining subsequent 
treatments. However, soft tissue is apt to move randomly even over short periods 
of time, and this places a limitation on the use of historic information. 

This problem is particularly acute in the treatment of prostate cancer. The 
prostate is located close to other structures such as the rectum and bladder, both 
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of which are sensitive to the effects of radiation at therapeutic doses. Undesirable 
side-effects resulting from irradiation of these parts are easily produced if care is 
not taken. However, movement of these structures and the prostate is common, 
and can be between 3 and 8mm. This distance is significantly greater than the 
separation between the structures and thus presents a difficulty in treatment. 

It has been proposed to combine a radiotherapeutic accelerator with a 
computerised tomography (CT) apparatus in order to locate the current position of 
the prostate and direct the radiation beam accordingly. The three-dimensional result 
of the CT scan would be presented to the operator to allow identification of the 
prostate and confirmation of the proposed volume to be irradiated. This 
arrangement offers much greater precision in treatment provided it can be 
controlled. 

One difficulty is that three-dimensional (holographic) displays are not 
available and the dataset must therefore be projected onto a two dimensional 
screen. A trace must then be made on this two dimensional screen of the three 
dimensional structure to be irradiated. Suitable software can analyse the dataset 
and propose irradiation patterns, but the proposal must still be understandable to 
the operator so that it can be validated. 

The present invention therefore proposes a radiotherapy apparatus adapted 
to provide therapeutic radiation and imaging radiation, further comprising a two- 
dimensional imager for the imaging radiation, a computing means for preparing 
tomography data from the output of the imager, the therapeutic source being 
controllable on the basis of feedback from the tomography data, wherein the 
computing means is arranged to prepare a plurality of intersecting sectional views 
from the output of the imager. 

Such sectional images are familiar in style to operators who are accustomed 
to working with "portal" images derived during treatment from radiation which 
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passes through the patient. However, the sectional images will offer better 
contrast and will show the detail of a section rather than that of a projection. It will 
be easier to interpret and visualise a series of sectional views than a three 
dimensional view. 

The sectional views are preferably arranged orthogonally for ease of 
visualisation. At least three sectional views are useful since each section offers 
two degrees of freedom, and thus three will offer six. These can be cross-checked 
to ensure that the dataset is reliable and that the operator has not made a gross 
error. 

The views will ideally intersect substantially at the isocentre of the 
therapeutic source as the region of interest is likely to be at that point, and the best 
accuracy of the therapeutic accelerator is in that vicinity. 

Each sectional view will be a digital image comprising a number of pixels. 
A simple approach would be to create pixels which correspond to a 2D plane of 
voxels in the tomography dataset. However, an image derived in this way is likely 
to contain a significant amount of noise. This is normally removed by averaging 
nearby pixels, but the cost of this is a reduced resolution. In a typical CT set, the 
resolution is about 1mm 3 per voxel and thus a loss of resolution is likely to be 
problematic. 

In the present invention, the sectional nature of the images that are provided 
allow pixels to be the result of averaging a plurality of voxels arranged transverse 
to the section, typically orthogonal and ideally in a linear relationship. In this way, 
the resolution of the CT set can be retained whilst reducing noise in the image by 
averaging. Compared to a display of the 3d dataset, this offers the prospect of an 
improved quality image at the same resolution, which is also easier to interpret. 
Typically, good results can be achieved using between 5 and 20 voxels. About 10 
is suitable, ie between 7 and 1 5. 
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There is a ideally a display means for showing the sectional views to an 
operator. The therapeutic source can then be controlled on the basis of instructions 
from the operator, given via an input means such as a mouse or other pointer, 
which is preferably correlated to the display. This correlation can be via a 
superimposed image on the display which is moveable in response to operation of 
the input means. The superimposed image can derived from one of a previous 
investigation and a treatment of the patient, so that it corresponds in shape to the 
area or the image which is being sought. The superimposed image is preferably an 
outline so that the underlying image is clear. 

An embodiment of the present invention will now be described, by way of 
example, with reference to the accompanying figures, in which; 

Figure 1 shows a schematic illustration of the treatment apparatus of the 
present invention; 

Figure 2 shows the data handling apparatus; 

Figure 3 is a perspective view of the dataset typically acquired from CT 
apparatus with the data of interest highlighted; 

Figure 4 shows the sectional views obtained by the present invention; and 

Figure 5 shows the conversion from a 3D dataset to a 2D image. 

Referring to figure 1, the patient 10 is placed on a couch 12 or other 
support. At the foot (or head) of the couch is a rotatable stage 14 on which is 
mounted a treatment source 1 6 for generating therapeutic radiation, a diagnostic 
source 1 8 for generating imaging radiation, and a flat panel imager 20 of (for 
example) amorphous silicon. Such imagers are able to convert incident imaging 
radiation into visible images or (in this case) a digital image output by associating 
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the imager with a CCD or photodiode array. 

The stage 14 is rotatable about a horizontal axis which co-incides with the 
isocentre 22. The isocentre is the nominal centre of the volume to be treated and 
is thus a short distance above the patient table. The sources 1 6, 1 8 are aligned to 
direct radiation towards the isocentre. The diagnostic source 1 8 is offset from the 
treatment source 1 6 by a rotation about the axis of the stage to allow both a clear 
view toward the patient. The imager 20 is thus aligned on the stage 14 so as to 
be opposite the diagnostic source 18. 

The rotational offset between the sources 16, 18 is sufficient to place the 
imager 20 outside the radiation field 24 of the treatment source 1 6. This protects 
the imager 20 which could be damaged through exposure to the MeV energy 
radiation of the treatment source 1 6 as opposed to the keV energy radiation of the 
diagnostic source. 

A source able to generate both MeV and keV radiation could replace both 
treatment and diagnostic sources 16, 18. In this case, it would probably be 
necessary to arrange for the imager to be moveable out of the radiation field during 
treatment. An apparatus of this type is shown in GB-A-2353458. 

Thus, as the stage 1 4 rotates, both sources 1 6, 1 8 and the imager 20 rotate 
together about the patient and stay in alignment. This allows the diagnostic source 
1 8 and the imager 20 to create a complete cone beam CT dataset. It also allows 
the treatment source 1 6 to direct radiation toward an affected area of the patient 
from a number of alignments, thereby limiting the dose applied to unaffected areas 
around the region to be treated. 

Figure 2 shows the data handling apparatus. The diagnostic source 1 8 and 
the stage 14 are controlled by a reconstruction server 26 which also collects the 
data from the imager 20 and reconstructs this into a three-dimensional CT dataset. 
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This is made available to a treatment control computer 28 which has a display 30 
and input means 32 for interaction with an operator. Once treatment decisions are 
made, these are used to control the treatment source 1 6 and the stage 14. 

Figure 3 shows the CT dataset 34 in a 2D projection. Structures within the 
dataset 34 include an enlarged prostate 36 and rectum 38. In this view, it is 
difficult to discern the relative location in three dimensions of the different parts of 
the image. It is possible to analyse the dataset through software and identify 
structures, but the nature of software and the number of possible configurations 
means that verification by a operator is advisable. This then requires 
comprehension of the dataset by the operator. 

Three orthogonal slices 40, 42, 44 are therefore taken from the dataset 34. 
These intersect at the isocentre located in the middle of the dataset 34. As the 
apparatus is usually targeted at the isocentre, these slices will typically include the 
region of interest. The three slices are then shown on the display 30 as in figure 
4. From these images, the distinction between the prostate 36 and rectum 38 (in 
this case) is more apparent. The apparatus superimposes an image 46 of the 
prostate to be treated, taken either from an earlier diagnostic investigation of the 
patient, or from data gathered in a previous treatment. This is shown in dotted in 
figure 4,although in practice it may be advisable to show the image in a contrasting 
colour. 

It can be seen from figure 4 that the prostate has moved since collection of 
the image; this is normal and is due to pressure exerted by the rectum and bladder 
resulting from food and drink digested by the patient. The rectum and bladder also 
move, which means that in the absence of contemporaneous location data, the 
radiation field must be defined so as to avoid both the previous locations of these 
structures and also a safety margin around them. This means that it is unlikely that 
the entirety of the prostate will be irradiated, thereby compromising the treatment. 
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Through the use of contemporaneous CT data, the actual locations of target 
and non-target structures can be ascertained and the dose adjusted accordingly. 
The operator can manipulate the image 46 so as to overlay the prostate 36, and the 
control computer uses this information to direct the treatment source 1 6. Software 
of this type is known, for example iView"" software available from the applicant. 

The slices shown by the software are similar to "portal" images, ie images 
taken from therapeutic radiation which has passed through the patient and been 
attenuated. Operators are accustomed to interpreting portal images and are 
therefore able to interpret the images of the present invention with ease. Portal 
images are not suitable for use in this way, however, as the aim is to avoid applying 
therapeutic levels of radiation to the patient until the proposed treatment has been 
validated. 

Figure 5 shows how the image quality can be improved in the above 
arrangement. A single slice 48 is extracted from the dataset as set out above. A 
three-dimensional dataset comprises a 3D array of voxels, each having an 
associated intensity etc. The slice is between 5 and 20 voxels thick, typically 10 
thick. The software selects a line of voxels 50 which extend in the thickness of the 
slice 48. The intensity of these voxels are then averaged and that average value 
is used for the intensity value of the pixel 52 in the corresponding image 54. 

As a result, local transients in the image are smoothed away and the image 
loses much of its graininess. Structures become easier to discern. However, there 
is no loss of image resolution as would normally be the case when averaging. 

It will be appreciated that many variations may be made to the above 
embodiment, without departing from the scope of the present invention. 
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1 . Radiotherapy apparatus adapted to provide therapeutic radiation and imaging 
radiation, further comprising a two-dimensional imager for the imaging 
radiation, a computing means for preparing tomography data from the output 
of the imager, the therapeutic source being controllable on the basis of 
feedback from the tomography data, 

wherein the computing means is arranged to prepare a plurality of 
intersecting sectional views from the output of the imager. 

2. Radiotherapy apparatus according to claim 1 or claim 2 in which the 
sectional views are arranged orthogonally. 

3. Radiotherapy apparatus according to claim 1 in which at least three sectional 
views are prepared. 

4. Radiotherapy apparatus according to claim 3 in which the views intersect 
substantially at the isocentre of the therapeutic source. 

5. Radiotherapy apparatus according to any one of the preceding claims in 
which each sectional view is an image comprises pixels whose values are 
derived from a plurality of voxels in the tomography dataset. 

6. Radiotherapy apparatus according to claim 5 in which the plurality of voxels 
are disposed transverse to the section in question. 

7. Radiotherapy apparatus according to claim 6 in which the plurality of voxels 
are disposed orthogonal to the section in question. 

8. Radiotherapy apparatus according to claim 6 or claim 7 in which the plurality 
of voxels are disposed linearly. 
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9. Radiotherapy apparatus according to any one of claims 5 to 8 in which 
between 5 and 20 voxels are employed. 

10. Radiotherapy apparatus according to any one of claims 5 to 9 in which 
between 7 and 15 voxels are employed. 

11. Radiotherapy apparatus according to any one of claims 5 to 10 in which 
about 10 voxels are employed. 

12. Radiotherapy apparatus according to any one of the preceding claims in 
which there is a display means for showing the sectional views. 

13. Radiotherapy apparatus according to claim 12 in which the therapeutic 
source is controlled on the basis of instructions from an operator, given via 
an input means. 

14. Radiotherapy apparatus according to claim 13 in which the input means is 
correlated to the display. 

15. Radiotherapy apparatus according to claim 1 4 in which the correlation is via 
a superimposed image on the display which is moveable in response to 
operation of the input means. 

16. Radiotherapy apparatus according to claim 15 in which the superimposed 
image is derived from one of a previous investigation and a treatment of the 
patient. 

17. Radiotherapy apparatus according to claim 15 or claim 16 in which the 
superimposed image is an outline. 
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Radiotherapy apparatus substantially as herein described with reference to 
and/or as illustrated in the accompanying figures. 
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